Abstract. The White-eyed Vireo (Vireo griseus) and the Mangrove Vireo (V. pallens) are two of the most common species of insectivorous bird on the Yucatan Peninsula. Mangrove Vireo pairs maintain year-long territories primarily in scrub, whereas individual White-eyed Vireos defend territories in a broad range of terrestrial habitats. The two species show a strong reciprocal distribution along a successional gradient from regenerating pasture and old field to mature dry forest. Within second growth scrub, White-eyed Vireos are primarily associated with patches of trees. Despite minor morphological differences typical of migrantresident comparisons, we found no significant differences in the rates of different locomotory movement, in the relative proportion of attack type used, nor in foraging substrate. The major foraging differences were a lower reduced attack rate and greater use of fruit (primarily Bursera simaruba) in the White-eyed Vireo. Playback experiments failed to draw significant interspecific responses to song playback and elicited weak responses to conspecific and heterospecific chatter calls. Simultaneous call-in experiments and opportunistic observations failed to provide evidence of interspecific aggression. White-eyed Vireos, however, consistently chased Mangrove Vireos out of fruiting Bursera. We hypothesize that the extensive use of Bursera fruit allows White-eyed Vireos to over-winter in mature forest on the Yucatan Peninsula, a habitat that apparently cannot support breeding by vireos in the White-eyed Vireo complex.
INTRODUCTION
Competition forms the backbone of most theories regarding the winter distribution of migratory birds. Competition hypotheses have focused on interactions between closely-related migratory species (Salamonson 1957 This paper summarizes the habitat distribution, ecological morphology and foraging ecology of the two species of vireos. We also report experiments testing for response to playback song and chatter (both White-eyed Vireo and Mangrove Vireo are territorial and sing in the nonbreeding season) and to the close approach of heterospecific territory holders.
STUDY SITE
The research was conducted as part of a project on the ecology of migrants in and around the Sian Ka' an Biosphere Reserve, on the road to Vigia Chico, northeast of Felipe Carrillo Puerto, Quintana Roo. The vegetation is a mosaic of mature and regenerating tropical dry forest (approximately 1.2 m rainfall/year), which has two distinct phases: a low canopy subdeciduous forest and a medium canopy subperennial forest (Olmsted et al. 1983 ). The forest types differ in overall stature (Greenberg 1992 ) as well as degree of leaf loss during the long dry season (January-June). Although forest covers most of the area, there are small areas of recently cleared cattle pasture and milpa, and larger areas of regenerating cattle pasture and burns, mostly 5-7 years of age at the time of the study.
METHODS

ECOLOGICAL MORPHOLOGY
We compared the external morphology of the two species by measuring study skins in the U.S. National Museum of Natural History collection. All recordings were band-pass filtered at 500-800 kHz, digitized using a 16 kHz sampling rate, resealed so that the peak amplitudes in all stimuli were matched, reconverted through the D-to-A
PLAY-BACK RESPONSE EXPERIMENTS
and input to a cassette deck for reconstructing playback tapes. We conducted playback trials 13-23 October For the song trials, we constructed tape seg-1989 during the first 3 hr after sunrise. Based on ments consisting of 2 min of silence, 30 repeti-tions of the song in 6-set onset-onset intervals (3 min), then 2 min more of silence. At the beginning/end of each of the three segments, we inserted a 250 ms, 4 kHz tone to signal timing during field trials.
To prepare the chatter stimulus tapes we extracted a 3-set segment of chatter and used repetitions of that segment for the entire presentation. Each tape began with 2 min of silence, 30 repetitions of chatter in 4-set onset-onset intervals (2 min), followed by a 2-min residual period. All other details of chatter tape presentation were as described above for the song tape. We used two different 3-see segments from each of the original recordings, giving four chatter playback tapes for each of the Vireo species and four total control tapes.
SEQUENTIAL PLAY-BACK AT ECOTONES
We presented 2-min playbacks of songs of each species sequentially within forest and acahual 10 m from the same point along the ecotone. The experiment was conducted at a total of eight points along the ecotone, located at least 100 m apart. The order of habitat was alternated between points, and the order of species presentation was alternated between presentations for a particular habitat. For up to 3 min after song presentation, we recorded when a bird approached within 5 m of the speaker or another vireo. We also recorded all interactions between vireos. The purpose of this experiment was two fold: to determine how far into the less preferred habitat individuals of each species will approach the simulated encroachment of a conspecific, and to see how vireos that are stimulated to approach a potential encroaching conspecific, respond to the presence of a responding heterospecific on their territory.
RESULTS
ECOLOGICAL MORPHOLOGY
Although morphologically similar, White-eyed and Mangrove vireos differ significantly in several mensural characteristics (Table 1) ments, we found that body mass was 15% smaller in the Mangrove Vireo. Based on a 4.5% reduction in the cube root of body weight compared to White-eyed Vireo, the Mangrove Vireo has a disproportionately long tarsus, short tail and short and more rounded wing.
HABITAT DISTRIBUTION
The two species show a strongly complementary distribution pattern along the successional gradient represented by the census transects (Fig. 1) found that White-eyed Vireos were consistently territorial (average territory size was approximately 112 ha). All birds were found to be resident on territory for at least two weeks and seven of the eight birds monitored through the winter remained on territory. Trespassing to Burseru trees on neighboring territories was commonly observed when conducting focal watches of these trees (Greenberg et al., ms.). These individuals were almost invariably chased back into their territories. Mangrove Vireos occur primarily in pairs throughout the winter and although we had only a few color-banded, their behavior was consistent with year-long territories. Both species commonly sing during the winter months.
FORAGING BEHAVIOR
We found no significant difference in the locomotion of foraging vireos ( There was a small, but significant difference in the vertical orientation of flights ( Table 2 ). The only rate difference was found in the frequency of prey attacks which was 50% greater in Mangrove Vireo than in White-eyed Vireo (P < 0.05).
The value of 1.0 prey attacks per min in the White-eyed Vireo is similar to the 1.2 attack/ min found by Williamson (197 1) on the breeding grounds. The type of foraging attack used and the substrate attacked was not significantly different between the two species ( Fig. 2 and 3) . The similarity index (Schoener 1968 closer for data taken for White-eyed Vireos foraging along the transects in the forest (mean foraging height = 10.1 + 0.3 mm SE, n = 140).
FRUGIVORY
The two species differed significantly in the percentage of birds observed eating fruit. Whiteeyed Vireos ate fruit significantly more often than Mangrove Vireos (x2, P < 0.001). Twenty-five percent of the White-eyed Vireos (n = 247) versus six percent of the Mangrove Vireos (n = 158) were observed eating fruit. This difference is based primarily on the differential use of Bursera simaruba, since 96% of all frugivorous observations in vireos involved consuming capsules of this species (Greenberg 1992). White-eyed Vireos visited the three focal Bursera trees in scrub habitat on the average of 0.9 vs. 0.3 times per hr (n = 47 hr) for Mangrove Vireo. The success rate (arils consumed per visit) was almost 10 times greater as well (1.17 * 0.2 1, vs. 0.11 f 0.07, t = 4.6 df 59, 1. P < 0.001). Mangrove Vireos visits were less than half as long as those of White-eyed Vireos (43 ? 3.2 vs. 102 f 4.7, t = 4.6, P < 0.001). It was during observations of Bursera trees that we observed the only overt aggression between the species; Mangrove Vireos were chased out of the trees by the resident White-eyed Vireo during 45% (9/20) of the visits.
PLAY-BACK RESPONSE
Both species responded more strongly to conspecific than heterospecific song. Responses to conspecific song were generally the most intense of all the presentations including frequent flyovers (median = 1.5/trial, 60% of trials Table 3 ) and rapid approach to within 5 m (median latency = 40 set, 80% trial frequency). Approaches were far less common (5%) and slower (median = no approach) for heterospecific songs.
Responses to homo-versus heterospecific vireo calls were similar (Table 4) . Flyovers occurred in 30% of both the homo-and heterospecific presentations, close approaches occurred in 50% of both trial types, and latencies averaged approximately 200 set for both. None of these comparisons involved significant differences. The only significant difference was in the proportion of presentations that elicited increased calling in the presentation and post-presentation parts of the experiment. Vireos increased their calling significantly (x2 P < 0.01) more in response to homospecific versus heterospecific calls. Vireos were more responsive to vireo than to wren chatter. They approached vireo chatter twice as frequently as wren chatter (50% versus 25%, x2 P < 0.01) and also flew over significantly more often (30% versus 10%). Vireos did respond to wren chatter by increasing their rate of chatter bursts during 70% of the trials.
SEQUENTIAL PLAY-BACK AT ECOTONES
White-eyed Vireos approached within 5 m for seven out of eight of the forest play-back trials. Similarly, Mangrove Vireos responded to six of eight acahual trials. White-eyed Vireos also approached in seven of eight of the acahual trials, whereas Mangrove Vireos never entered the forest to approach the speaker in the forest trials. During eight trials, Mangrove Vireos approached to the absolute edge of the forest and sang in response to the conspecific playback. The habitat edge was apparently an absolute territory boundary to the Mangrove but not White-eyed Vireos.
During six acahual playback trials, individuals of both species approached the speaker and were present within 5 m of the speaker (and each oth- (Rice 1978) . However, playback experiments did not provide any evidence for aggressive interactions between these two species. The strongest responses in both species were to homospecific song. Vireos responded to song with rapid approach to within 5 m of the speaker and low flyovers. These approach behaviors probably reflect a high level of potential aggression. Responses to call notes were weaker (fewer flyovers, longer latency to approach). It is in the weaker responses to call notes that we failed to find consistent differences in how vireos responded to homospecific and heterospecific calls (although they did respond stronger to vireo than to wren calls). The simultaneous playback experiments demonstrated that vireos called into conspecific songs, ignored nearby individuals of the other species. This lack ofresponse is particularly telling considering that the vireos are approaching the tape recording with aggressive fly-overs and therefore might be sensitized to attack a wider range of stimuli.
SIMILARITY OF MORPHOLOGY AND FORAGING BEHAVIOR
White-eyed and Mangrove vireos are morphologically and ecologically similar species with complementary habitat distribution. The longer and more pointed wings of the White-eyed Vireo may be related to migratory status (Chapman 1940, Leisler and Winkler 1985) or its use of more open microhabitats for foraging (Poole 1938 , Morrison 1982 . In most aspects of foraging behavior and location, the two species were indistinguishable. This includes locomotory behavior, attack type and foraging substrate. The degree of similarity, particularly in the type and distance of movement, is surprising given the differences in branch density and arrangement and foliage structure in forest and second growth habitats. This result suggests that despite differences in wing shape, the two species share a particular locomotory stereotypy (Klopfer 1967 The use of fruit versus insects appears to involve trade-offs. We observed Mangrove Vireos attacking arthropod prey at a considerably higher rate than did White-eyed Vireos. Foliage arthropods are more common in scrubby habitats than in forest understory (Greenberg 1992 ). Small body size, short tail, and short rounded wings might allow Mangrove Vireos to maneuver through dense foliage with minimum plumage wear. Larger body size and pointed wing in the Whiteeyed Vireos may be primarily related to its migratory status, but it could also favor its ability to dominate a fruit crop by increasing the speed and force of an aggressive chase. Thus, Whiteeyed Vireos are able to control a critical nonbreeding resource against its resident counterpart.
